The multi-service (voice, data and HSUPA) uplink capacity and the interference statistics of the sectors of the cigar-shaped WCDMA microcell are studied using a model of 5 highway microcells. The two-slope propagation loss model with lognormal shadowing is used in the analysis. It is concluded that the voice and data service are significantly affected by HSUPA users and sector capacity decreases dramatically when one of these users gets connected to a given sector or to one next to it. Also it has been concluded that the capacity decrement is highly sensitive to the location of the HSUPA users. Thus, no more than one HSUPA with a process gain of 16 can be connected to a given base station. In this case, the HSUPA user should interrupt its transmission when it is near to the sector border. No more than one HSUPA user with a process gain of 8 is permitted in a given sector and the sector next to it. When the HSUPA user is at the sector border, its transmission should be disabled.
Introduction
High-Speed Uplink Packet Access (HSUPA) is a 3G mobile telephony protocol in the HSPA family with up-link speeds up to 5.76 Mbit/s. The name HSUPA was created by Nokia. The 3GPP does not support the name 'HSUPA', but instead uses the name Enhanced Uplink (EUL) [1] . The specifications for HSUPA are included in Universal Mobile Telecommunications System Release 6 standard published by 3GPP. The technical purpose of the Enhanced Uplink feature is to improve the performance of uplink dedicated transport channels, i.e. to increase capacity and throughput and reduce delay.
HSUPA uses an uplink enhanced dedicated channel (E-DCH) on which it will employ link adaptation methods similar to those employed by HSDPA, namely: shorter Transmission Time Interval enabling faster link adaptation; HARQ (hybrid ARQ) with incremental redundancy making retransmissions more effective. Similarly to HSDPA, HSUPA uses a packet scheduler, but it operates on a request-grant principle where the UEs request a permission to send data and the scheduler decides when and how many UEs will be allowed to do so. A request for transmission contains data about the state of the transmission buffer and the queue at the UE and its available power margin. However, unlike HSDPA, uplink transmissions are not orthogonal to each other.
In addition to this scheduled mode of transmission the standards also allows a self-initiated transmission mode from the UEs, denoted non-scheduled. The non-scheduled mode can, for example, be used for VoIP services for which even the reduced TTI and the Node B based scheduler will not be able to provide the very short delay time and constant bandwidth required.
Each MAC-d flow (i.e. QoS flow) is configured to use either scheduled or non-scheduled modes; the UE adjusts the data rate for scheduled and non-scheduled flows independently. The maximum data rate of each non-scheduled flow is configured at call setup, and typically not changed frequently E-DPDCH is used to carry the E-DCH Transport Channel; and E-DPCCH is used to carry the control information associated with the E-DCH.
The key specification parameters that are introduced by the use of HSUPA are:
• Increased data rate: The use of HSUPA is able to provide a significant increase in the data rate available. It allows peak raw data rates of 5.74 Mbps. • Lower latency: The use of HSUPA introduces a TTI of 2 ms, although a 10ms TTI was originally used and is still supported. • Improved system capacity: In order to enable the large number of high data rate users, it has been necessary to ensure that the overall capacity when using HSUPA is higher. • BPSK modulation: Originally only BPSK modulation that adopted for UMTS, was used.
Accordingly it did not support adaptive modulation schemes. Higher order modulation was introduced in Release 7 of the 3GPP standards when 64QAM was allowed. • Hybrid ARQ: In order to facilitate the improved performance the Hybrid ARQ (Automatic Repeat reQuest) used for HSDPA is also employed for the uplink, HSUPA. • Fast Packet Scheduling: In order to reduce latency, fast packet scheduling has been adopted again for the uplink as for the downlink, although the implementation is slightly different.
At the core of HSUPA, High Speed Uplink Packet Access is a member of new technologies that are very similar to those used with HSDPA. However there are a few fundamental differences resulting from the different conditions at either end of the link.
• The uplink in UMTS and HSUPA is non-orthogonal because complete orthogonality cannot be maintained between all the UEs. As a result there is more interference between the uplink transmissions within the same cells. • The scheduling buffers are located in a single location (NodeB) for the downlink, whereas for the uplink they are distributed within several UEs for the uplink. This requires the UEs requirement to send buffer information to the scheduler in the NodeB so that it can then provide an overall schedule for the data transmission.
